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ABSTRACT
Introduction
Hydrogen sulfide (H2S) is an important biochemical participant in biogeochemical transformations. H2S is produced in aquatic and anaerobic environments due to the activity anaerobic microorganisms like sulfate reducing bacteria (SRB) and putrefying bacteria (the non-sulfate reducing but H2S producing chemotrophic bacteria). SRB and other H2S producing bacteria play an important role in various biogeochemical cycles like the sulfur and carbon cycle and have great potential in the field of bioremediation and metal leaching. The present research was taken up to understand the cultured and genetic diversity of H2S producing chemotrophic bacteria that include both the sulfate reducing and non-sulfate reducing bacteria from diverse habitats of India and to explore the capability of the novel sulfate reducing bacterium Desulfovibrio psychrotolerans JS1T sp. nov., to degrade a few aromatic sulfur compounds which are of environmental concern.
Objectives
1.	To study the cultured and phylogenetic diversity of H2S producing bacteria of diverse habitats of India, with a special focus on the sulfate reducing bacteria. 
2.	To describe novel taxa, if any, based on polyphasic taxonomic analysis.
3.	To study the capability of the novel sulfate reducing bacterium Desulfovibrio psychrotolerans, JS1T in biodegradation of a few aromatic sulfur compounds.
Results
I.	Enrichment, isolation, purification and identification of H2S producing bacteria from diverse habitats of India: 13 SRB and 24 non-SRB H2S producing bacteria were identified at genus level through 16S rRNA gene sequence analysis from a total of 56 pure cultures obtained after enrichment of H2S producing bacteria of 95 environmental samples collected from India. Bacterial strains belonging to the genera Desulfovibrio, Desulfotomaculum, Desulfobotulus and Desulfofaba among SRB and Allomonas, Arcobacter, Citrobacter, Enterobacter, Exiguobacterium, Fusobacterium, Klebsiella, Pseudomonas, Shewanella, Shigella, Thioclava and Vibrio among non-SRB were identified and preserved. Strains JS1T JC83 and JC84T, which represented novel bacterial taxa were selected for detailed characterization using polyphasic taxonomy. 
II.	Polyphasic characterization of Desulfovibrio sp. JS1T: D. psychrotolerans, JS1T was isolated as a pure culture from a sample with ice and mud collected from Pangong salt Lake of Himalayas, Leh district, Jammu & Kashmir, India. Based on the differences observed in the pattern of 16S rRNA gene sequence, morphology, physiology and biochemical characteristics, strain JS1T (=JCM 14597T =KCTC 5573T =DSM 19430T) differs from all other validly published species of the genus Desulfovibrio due to which, it merits its description as the type strain of a novel species, Desulfovibrio psychrotolerans sp. nov. The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain JS1T is AM418397, and that of the dsrAB gene sequence is FR851929.
III.	Polyphasic characterization of Arcobacter sp. JC84T: Strains JC83 and JC84T were isolated from two sediment samples collected from Gangasagar of Suderbans, West Bengal, India. Based on differences observed with respect to the 16S rRNA gene sequence, major variations in the morphological, physiological and biochemical characteristics, strain JC84T (=KCTC 15071T =MTCC 10956T) differs from all other validly described species of the genus Arcobacter due to which it can be described as the type strain of a novel species, Arcobacter anaerophilus sp. nov. The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain JS1T is FR686494. Strain JC83 is the additional strain for Arcobacter anaerophilus sp. nov. 
IV.	Genetic diversity of Sulfate Reducing Bacteria: The phylogenetic diversity of SRB was analyzed using 1) PCR and DGGE of dsrAB gene (specific for SRB) from the metagenome of SRB enrichment cultures of Chilika lagoon sediment samples and 2) bTEFAP (bacterial tag encoded FLX amplicons pyrosequencing) of 16S rRNA gene of metagenome extracted from a few environmental samples. In the first method, 46 OTUs (Operational Taxonomic Units) representing SRB were generated. The GenBank/ EMBL/DDBJ accession numbers for the dsrAB gene sequences obtained in this study are FN811933 to FN811935, FN811939 to FN811941, FR694655 to FR694674 and FR694697 to FR694716. The second method revealed presence of 2677 sequences of SRB corresponding to 20 validly described genera and 583 sequences corresponding to unclassified SRB from the metagenome of 10 different samples. From the sequences it was identified that Desulfosarcina was the most dominant group followed by Desulfarculus and Desulfuromonas.
V.	Growth and degradation of selected aromatic sulfur compounds by Desulfovibrio psychrotolerans, JS1T:  The growth of D. psychrotolerans, JS1T on 3 aromatic sulfur compounds Para Toluene Sulfonic Acid (PTSA), Sulfanilic Acid (SFA) and Thiophene 2- Acetic acid (TPA) and the subsequent degradation of these compounds by the strain revealed that the D. psychrotolerans, JS1T used these compounds more efficiently only when they were supplemented as sole carbon (CS) but not when they were supplemented as sole source of electron acceptor (EA). The optimum growth of D. psychrotolerans, JS1T was observed at a concentration range of 2mM to 3mM of the aromatic sulfur compounds, while a concentration above 10 mM proved to be inhibitory for the organism. The percentage of compounds passively adsorbed by the heat killed biomass of D. psychrotolerans, JS1T is insignificant (<5%). The degradation of the compounds as sole carbon source by D. psychrotolerans, JS1T determined through HPLC indicated a decrease of 48%, 75% and 80% of PTSA, SFA and TPA respectively after 10 days of incubation.
VI.	Sludge and soil microcosm studies on degradation of selected aromatic sulfur compounds by Desulfovibrio psychrotolerans, JS1T: The degradation of PTSA, SFA and TPA in sludge and soil microcosms by D. psychrotolerans, JS1T was studied. The degradation of these compounds by pure culture of JS1T was compared with that of native microorganisms in consortium with JS1T. Highest degradation was noted in SFA (64%) in sludge and in TPA (72%) in soil microcosms by pure culture of JS1T. there was no significant contribution of native microorganisms in the degradation of these compounds.   
Conclusions
	Thirty seven pure cultures of H2S producing bacteria were identified up to genus level through 16S rRNA gene sequence analysis of which 13 were sulfate reducing bacteria and 24 were non-sulfate reducing bacteria. All were preserved through lyophilization.
	Strain JS1T (sulfate reducing bacterium) and strain JC84T (non sulfate reducing bacteria) were characterized through Polyphasic taxonomic analysis and described as Desulfovibrio psychrotolerans sp. nov. and Arcobacter anaerophilus sp. nov. respectively. 
	The phylogenetic diversity of SRB from Chilika lagoon sediments investigated through the PCR-DGGE analysis of dsrAB gene from enrichment cultures revealed the dominance of SRB belonging to the genus Desulfovibrio (as also observed with pure cultures isolated from diverse habitats) and presence of several unclassified SRB (MS communicated).
	Studies on genetic diversity of SRB from a few samples through bTEFAP (bacterial tag-encoded FLX amplicons pyrosequencing) of 16S rRNA gene sequence analysis has revealed the presence of Desulfosarcina as the dominant genus (63%) of SRB inhabiting the samples especially, sediments.
	Capability of D. psychrotolerans, JS1T for biodegradation of para-toluene sulfonic acid (PTSA), sulfanilic acid (SFA) and Thiophene-2-acetic acid (TPA) was established.
	Soil and sludge microcosm studies has indicated the potential of D. psychrotolerans, JS1T for bioremediation of PTSA, SFA and TPA contaminated soils and sludges.  

